Previous analyses of immunoglobulin V region promoters has led to the discovery of a common octamer motif which is functionally important in the tissuespecific and developmentally regulated transcriptional activation of immunoglobulin genes. The germline promoters (K o ) located upstream of the J region gene segments of the kappa locus also contain an octamer motif (containing a single base pair mutation and referred to as the variant octamer) which has been shown previously to bind Oct-1 and Oct-2 transcription factors in vitro. To further elucidate the role of this variant octamer motif in the regulation of germline transcription from the unrearranged kappa locus, we have quantitated the relative binding affinity of Oct-1 and Oct-2 for the variant octamer motif and determined the functional role of this octamer motif in transcriptional activation. We find that, although the variant octamer motif binds Oct-1 and Oct-2 in vitro with 5-fold lower affinity than the consensus octamer motif, mutation of the variant octamer motif to either a consensus octamer or non-octamer motif has no effect on transcriptional activation from the germline promoter. We also find significant differences in activation of germline and V region promoters by kappa enhancers. Our results suggest that the germline promoters and V region promoters differ in their dependence on octamer for activation and respond differently to enhancer activation. These findings have important implications in regulation of germline transcription as well as concomitant activation of the V-J recombination of the kappa light chain locus.
INTRODUCTION
The study of immunoglobulin (Ig) genes has provided important insights into the molecular mechanisms involved in the activation of transcription by tissue specific and developmentally regulated transcriptional regulatory regions. In addition, key developmental stages of B cell development have been elucidated and defined by the study of Ig genes. One such stage of development is the pre-B cell stage, defined by the presence of rearrangements at the heavy chain locus and the absence of rearrangements at the light chain locus (1, 2) . Furthermore, transcriptional activation of the unrearranged (germline) kappa light chain locus occurs at this stage of development (3) . Interestingly, induction of germline transcription of the kappa locus occurs concomitantly with the activation of V-J recombination, leading to the suggestion that transcriptional activation of kappa is important in targeting the locus for recombination (4) . Therefore, this hypothesis suggests that the early activation of germline transcription of the kappa locus plays an important role in B cell development.
The transcriptional activation of the kappa locus involves a number of transcriptional regulatory elements, including promoters and enhancers (Fig. 1A ). There is a promoter located 5′ of each V region gene segment as well as two germline promoters (K o ) 5′ of the J gene segments in the unrearranged locus. Although less is known about the regulation of kappa germline promoters, comparison of germline and V region promoters indicates that there are a number of important differences as well as some similarity between these promoters. One of the common features of V region promoters is the presence of a highly conserved octamer sequence (ATTTGCAT). The importance of the octamer motif in transcription from V region promoters has been documented previously (5) (6) (7) (8) . Comparison of V region and germline promoters suggests little sequence conservation other than the presence of this octamer motif. However, the octamer motif in the germline promoters contains a single transition, has an inverted orientation (ATGTAAAT), and is referred to here as the variant octamer. Furthermore, the V region promoters contain a TATA box while the germline promoters do not. In addition to these sequence differences, it has been reported that there are functional differences between the germline and V region promoters since the rate of transcription from the V region promoters is approximately three to six times greater than the germline promoters (3) .
Sequence analysis of the kappa germline promoter of the murine and human loci led to the identification of a highly conserved 80 bp region flanking the variant octamer which has a 78% homology between the two species (9) . In addition to the sequence similarities observed in this region, the germline transcripts in these two different species are processed in a similar manner (9) .
Based on the functional importance of the octamer in the V region promoters and the presence of the variant octamer in the germline promoters, it was our hypothesis that the variant octamer motif within the germline kappa promoter was responsible for the 3-6-fold difference observed between the transcriptional activity of the germline and V region promoters. Moreover, it was possible that this difference in the transcriptional activity from the germline and V region promoters could be attributed to the differences in the affinity of the germline and V region promoters for octamer binding factors. To test this hypothesis, we quantitated the difference in binding affinity between germline and V region octamer motifs and determined the functional significance of the octamer motif in transcriptional activation of germline promoters.
Our results suggest that unlike the octamer dependent transcription from the V region promoters, transcriptional activation of kappa germline promoters appears to be octamer independent. This clearly distinguishes the germline promoters from the octamer dependent transcription of the V region promoters. Moreover, we note that the germline and V region promoters show differences in response to the kappa enhancers.
MATERIALS AND METHODS

Cell culture and nuclear extracts
The pre-B cell lines 3-1, 38B9, 1-8 and the myeloma cell line S194 have been characterized previously (10, 11) . The pre-B cell line 38B9 was kindly provided by Eugene Oltz (Vanderbilt University). Cells were maintained in RPMI 1640 (Gibco BRL, Gaithersburg, MD), 10% FCS, 25 U/ml penicillin, 25 µg/ml streptomycin, 2 mM L-glutamine and 50 µM β-mercaptoethanol. Nuclear extracts were prepared using a previously described modification (12) of the method outlined by Dignam et al. (13) . (14) . IM.Kp.oct-.luc and IM.Gp.oct-.luc were constructed by overlap PCR mutagenesis with oligos containing a 3 bp mutation in the octamer site (5′-ACA GCC AAT CTG AAC ATT TCA GAG GCT TAG-3′ for IM.Gp.oct-.luc and 5′-TCT GCT GAG CTG ATG TTC AGA TGG AGT CAT-3′ for IM.Kp.oct-.luc) and confirmed by sequencing.
Vector construction and transient transfections
Mouse B-cell lines were transfected by a modification of the DEAE-dextran method (15, 16) . Briefly, 10 × 10 6 cells per transfection were washed once in sterile TS (137 mM NaCl, 5 mM KCl, 0.6 mM Na 2 HPO 4 .7H2O, 25 mM Tris, 0.5 mM MgCl 2 , 0.7 mM CaCl 2 , pH 7.4) and resuspended in 50 µl TS at 37_C. Ten µg test plasmid and 10 µg of the control plasmid, pCH110, a β-galactosidase expression vector (Pharmacia, Piscataway, NJ), purified by two CsCl gradients, were resuspended in 1.5 ml TS containing 10 µl of 10 mg/ml DEAE-dextran (67 µg/µl final concentration) and warmed to 37_C. The cells were added to the plasmid/TS/DEAE-dextran solution and mixed by pipetting. The mixture was allowed to sit at 37_C for 20 min. Cells were washed once in sterile TS and placed in a 10 ml volume at 37_C and 7% CO 2 . Ten µg/ml of LPS (Difco, Detroit, MI) was used for induction of pre B cell lines. Transfection of each plasmid construct was performed in triplicate. Cells were harvested 18 h after transfection and luciferase and β-galactosidase assays were performed as previously described (17) . Briefly, we assayed luciferase and β-galactosidase activities from each of the three transfections and luciferase activity was normalized to β-galactosidase activity for each sample (luciferase RLU/β-galactosidase RLU). The mean of the normalized luciferase activity and the standard error of the mean are indicated for each plasmid construct.
Probes
The probes used for mobility shift assays were end-labeled with T4 polynucleotide kinase (NEB) to a specific activity of 0.5 × 10 8 to 1 × 10 9 c.p.m./µg. A 260 bp fragment containing the variant octamer of the human germline promoter was amplified with primers 5′-ACA AAG CTT TGA GGG GCT CGT-3′ and 5′-CAC GTC GAC ATG CGT GGG ACA CAA AT-3′, and digested with PstI at 37_C for 2 h prior to gel purification. The 130 bp probe containing the variant octamer from the mouse germline promoter was amplified with primers 5′-ACA CGT CTA GAG TAA GCT GGA-3′ and 5′-CCC GGA TCC CTG CAG CCA TTT CAC TTC AGA TGA A-3′.
Mobility shift assay
Approximately 10 000 c.p.m. (1-5 fmole of DNA) of end-labeled DNA probe were added to a 15 µl binding reaction containing 10 mM Tris-HCl (pH 7.4), 5% (v/v) glycerol, 50 mM NaCl, 1 mM EDTA, 1 mM DTT, 0.3 mM ATP, 2.5-5 µg of sheared salmon sperm DNA (ssDNA, Sigma) and 5-10 µg nuclear extract protein (18) . After incubation at 25_C for 30 min, the binding reaction was loaded on a 4.5% polyacrylamide gel containing 40 mM Tris, 0.384 M glycine and 2 mM EDTA. The samples were subjected to electrophoresis at 8 V/cm, and the gel was dried and exposed to X-ray film for 12-24 h.
Competitive binding assays were performed by adding 100 or 250-fold amounts of unlabeled 24 bp octamer containing fragments to the binding buffer and incubating at room temperature for 5 min prior to addition of the γ-32 P-labeled consensus octamer fragment. The reaction was incubated for an additional 30 min and subjected to electrophoresis as described above. Alternatively, the competition reaction was performed by proportionately increasing the binding reaction volume 10-fold, adding the γ-32 P-labeled consensus octamer fragment as probe and incubating for 30 min. Cold competitor (250-fold) was then added to the binding reaction and 15 µl aliquots were loaded on a polyacrylamide gel in 5-15 min intervals over 90 min. After autoradiography, densitometric analysis was performed to determine the relative density of the bands corresponding to the protein-DNA complexes.
DNase I protection
Binding reactions used for mobility shift assays were increased 5-10-fold and contained 25-50 µg of induced or uninduced nuclear extract from 3-1 pre B cells and either a 160 bp human or 130 bp mouse germline labeled fragment as previously described (19) . After incubating for 30 min at room temperature, 2.5 U of DNase I in a buffer containing 10 mM Tris-HCl (pH 7.6), 5 mM CaCl 2 and 10 mM MgCl 2 were added to the solution and incubated for 3-5 min on ice and terminated by the addition of 2 µl of 0.5 M EDTA. The complex was then either gel purified or immediately phenol extracted and ethanol precipitated with 20 µg of carrier tRNA. If the complexes were gel purified, the solution was applied to a 5% polyacrylamide gel and subjected to electrophoresis. Bands were identified by autoradiography, excised from the wet gel, and the DNA was recovered by diffusion over 6-10 h into a buffer containing 0.5 M sodium acetate, 1 mM EDTA, 10 mM magnesium acetate and 0.1% SDS. After centrifugation through siliconized glass wool, the products were phenol extracted and ethanol precipitated with 20 µg of tRNA. The DNA was resuspended in 5 µl of loading buffer and the fragments were separated on a 6% polyacrylamide-8 M urea denaturing gel next to lanes containing free, or unbound probe treated with DNase I, and an A+G sequence of each region (12) , dried and exposed to X-ray film.
Statistical analysis
Statistical analysis of the data was performed by Student's t-test and Statswork software. Probability (P) values t0.05 were considered significant.
RESULTS
Germline promoters are weaker than V region promoters in pre-B and mature B cell lines
To determine the role of the octamer motif in activation of germline transcription, we utilized reporter test constructs with either the Vk21E promoter (designated Kp) or the kappa 5′ germline promoter (designated Gp) to drive expression of a luciferase reporter gene. Derivative vectors were made by inserting either the kappa intron enhancer (IM) or the 3′ kappa enhancer (3′KE) or both as shown in Figure 1B .
In the absence of LPS, a strong inducer of kappa transcription, the vectors containing either the V region promoter (Kp) or the germline promoter (Gp) alone (no enhancers present) show relatively little activity in pre-B cell lines (Fig. 2) . Even in the presence of LPS, the germline and V region promoters by themselves or in the presence of the 3′ kappa enhancer are not significantly inducible ( Fig. 2A and B) . On the other hand, we observe that in pre-B cells, both the germline and the V region promoters were activated by LPS when paired with the intron enhancer ( Fig. 2A and B) . Comparison of LPS induced transcriptional activity of IM.Gp.luc and IM.Kp.luc indicates a 2-4-fold greater increase in the latter case (P < 0.026) in the pre-B cell line 3-1 ( Fig. 2A and B) . Identical results were seen in another pre-B cell line, 1-8 (data not shown).
In the pre-B cell line 3-1, the presence of both the enhancers with the V region promoter (3′KE.IM.Kp.luc) resulted in transcriptional activity equivalent to the activity observed with the intron enhancer alone (IM.Kp.luc) ( Fig. 2A) . However, constructs with the intron enhancer and 3′ kappa enhancer paired with the germline promoter (3′KE.IM.Gp.luc) resulted in a statistically significant decrease Nucleic Acids Research, 1996, Vol. 24, No. 23 4827 (P < 0.047) in transcriptional activity in 3-1 cells compared with the presence of the germline promoter with the intron enhancer alone (IM.Gp.luc) (Fig. 2B) . Figure 2B is representative of multiple experiments that consistently show suppression of the germline promoter with the addition of the 3′KE sequence elements. This decrease is due to suppression of both uninduced and induced activity. This suppressive effect of 3′KE on the germline promoter was also observed in the pre-B cell line 1-8 (data not shown).
Transfections of the myeloma cell line S194 demonstrate that both the intron and the 3′ kappa enhancer are active at this stage of B cell development (Fig. 2C and D) . Furthermore, we observed a 2-5-fold difference in the reporter gene expression from the germline and V region promoters which is consistent with differences from endogenous V region and germline promoters noted previously (3) . The difference between activation of the germline and V region promoters may lie in the ability of the 3′ enhancer to preferentially activate the V region promoter. Consistent with this explanation, we found that the transcriptional activity of the germline promoter with both enhancers is the additive sum of either enhancer alone (Fig. 2D) . However, with the V region promoter we observed that the presence of both enhancers results in transcriptional activity that is more than the additive sum of the individual transcriptional activities observed with either the intron or the 3′ kappa enhancer alone (Fig. 2C) . Based on these results we conclude that, (i) in pre-B cells, both the germline and the V region promoters are dependent on the intron enhancer, (ii) in both pre-B and mature B cells, the germline promoter is weaker than the V region promoter, (iii) in pre-B cells, the 3′ enhancer has no effect on the LPS inducibility of the V region promoter but appears to suppress the germline promoter and (iv) enhancer synergy is observed only in mature B cells with the V region promoter and not with the germline promoter.
The Oct-1 and Oct-2 transcription factors bind to the variant octamer of the germline promoter It has been shown previously that nuclear factors Oct-1 and Oct-2 bind to the variant octamer present in the germline promoter of the mouse kappa locus (20) . Although there is a remarkable amount of sequence conservation between human and mouse germline promoters in the region containing the variant octamer, there are some differences in the region flanking the variant octamer motif. To determine the effect of these differences on the ability of the variant octamer in the human germline promoter to bind Oct-1 and Oct-2, we performed gel shift analysis with a probe corresponding to the human germline promoter. The results of this analysis suggest that a 24 bp probe containing the human variant octamer (Fig. 3A, II) forms complexes indistinguishable from those seen with a consensus octamer probe (Fig. 3A, I ). Furthermore, we find that similar analysis of Oct-1 and Oct-2 complexes with a human 160 bp probe or a murine 130 bp probe containing the germline promoters resulted in complexes very similar to complexes observed with the 24 bp probe (Fig. 3A , H-160 versus M-130). We have also observed that the signal intensities of complexes with the variant octamer are consistently less than those observed with the consensus octamer probe. These results suggest that the human germline variant octamer binds Oct-1 and Oct-2 in vitro and that sequences flanking the variant octamer do not contribute significantly to the binding of Oct-1 and Oct-2. The failure to detect complexes other than Oct-1 and Oct-2 with the 160 bp and 130 bp probes suggests that only Oct-1 and Oct-2 are capable of binding to this region in vitro.
To further evaluate the potential contribution of sequences flanking the variant octamer to the binding of Oct-1 and Oct-2 or other proteins not detected by gel shift analysis, we used DNase I footprinting to analyze protection of specific residues in proteinbound complexes. If differences in transcriptional activity between germline and V region promoters are due to differences in nuclear factors bound by the octamer motif which are not detected by gel shift analysis, such differences may be detected by DNase I footprint analysis. Footprint analysis of uninduced and induced complexes bound to the variant germline promoter reveals an equivalent 18 bp region of protection (Fig. 3B) . The pattern of protection observed with the variant octamer motif is similar to that observed with the consensus octamer motif (21).
Oct-1 and Oct-2 have a decreased relative affinity for the human and the mouse variant octamer motif
We have consistently found that octamer complexes with the mouse and human germline promoter containing the variant octamer produce bands of weaker intensity in comparison with complexes with the consensus octamer motif. The correlation between apparently weaker octamer binding to the variant octamer with decreased transcriptional activity of germline promoters suggested to us that the difference in affinity for octamer binding proteins may have important functional consequences. In order to quantitate the differences in octamer protein binding to the consensus and the variant octamer sites, we performed the gel shift competition experiments shown in Figure 4A . The 24 bp human V region probe containing the consensus octamer motif was used as a probe for detection of octamer binding activity in nuclear extracts from LPS induced pre-B cells. Competition for binding to this probe was performed with increasing concentrations of either unlabeled V region (consensus octamer) or germline promoter (variant octamer) sequences. The results of this analysis suggest that the consensus octamer competes better than the variant octamer (Fig. 4A) . Comparison of the slopes of the lines derived from the relative density of Oct-1 for the consensus and the variant octamer provides an indication of the relative affinity of the Oct-1 protein for the consensus and the variant octamer (Fig. 4B) . The results of this analysis suggest that the relative affinity of the octamer binding proteins for the variant octamer is 5-fold lower than that of the consensus octamer. Our results indicate that the fold difference observed in the binding of octamer proteins correlated with the fold differences observed in the transcriptional activity from V region and germline promoters.
Functional analysis of the variant octamer in germline transcription in pre-B and mature B cells
To further test whether the relatively low level of transcription from the germline promoter compared with the V region promoter was due to the differences in the binding affinity of Oct-1 and Oct-2, we first mutated the variant octamer in the germline promoter to a consensus octamer site, [designated Gp.(oct).luc]. The functional effect of this mutation was then tested by transient transfection in pre-B and mature B cell lines. In addition, we also created a null mutation of the consensus octamer in the V region (designated Kp.oct-.luc) to produce a non-octamer site that is unable to bind octamer binding proteins (data not shown). As expected, the null mutation of the octamer motif in the V region promoter resulted in a dramatic decrease in transcriptional activity in both pre-B and mature B cell lines (Fig. 5) , demonstrating that the octamer motif plays an important role in the activation from these promoters. Interestingly, the mutations of the variant octamer to a consensus octamer in the germline promoter had no significant effect on transcriptional activity from the germline promoter (Fig. 5) . This result was inconsistent with our expectation that conversion of the variant octamer to a consensus octamer site would increase transcriptional activity from germline promoters. Therefore, to further elucidate the role, if any, of the variant octamer motif in transcription from the germline promoter, we mutated the variant octamer to the null mutation described above in the V region promoter. Interestingly, the functional analysis of this mutant construct (Gp.oct-.luc) shows that there was no significant difference in transcriptional activity from the germline promoter containing the variant octamer or the one containing the octamer with the null mutation (Fig. 5) . Therefore, our results indicate that in pre-B and mature B cell lines, it was of little consequence whether a variant, consensus or a mutated octamer (null mutation) motif was present in the germline promoter since the transcriptional activity from the germline promoter was comparable in all three cases. These results demonstrate that although the variant octamer has some capacity to bind Oct-1 and Oct-2 in vitro, it does not have any demonstrable functional role in the transcriptional activation of germline promoters.
DISCUSSION
In this study we have utilized vectors containing the germline promoter (Gp) or V region promoter (Kp) with either the kappa intron enhancer (IM), 3′ enhancer (3′KE), or both to address the observed difference in promoter strength of the germline and V region promoters. Our results indicate that the binding affinity of Oct factors to the variant octamer within the germline promoter is 5-fold less than that of the consensus octamer present in the V region promoter. Therefore, it was our hypothesis that the difference between the transcriptional activity of the germline and V region promoters could be explained by the presence of the variant octamer in the germline promoter.
We found that the intron enhancer mediated activation of both the V region and germline promoters in pre B cells. However, we detect little or no activation of either promoter by the 3′ enhancer in pre-B cells. Furthermore, reporter constructs containing both enhancers with the V region promoter (3′KE.IM.Kp.luc) had activity similar to that of the intron enhancer alone with the V region promoter (IM.Kp.luc), however with the germline promoter we observed a significant decrease in transcriptional activity upon addition of the 3′ enhancer. These results suggest the possibility that the 3′ enhancer is able to suppress activation of germline promoters in pre-B cells. This result indicates that there is a promoter preference regarding the negative regulation by the 3′ kappa enhancer.
In the mature B cell line, S194, we observed that the promoters by themselves had a low basal level of transcriptional activity. Presence of the intron or the 3′ kappa enhancer increased the transcriptional activity of both the V region and the germline promoter. However, significantly higher transcriptional activity was observed in the presence of both the enhancers with the V region promoter (3′KE.IM.Kp.luc) than both enhancers with the germline promoter (3′KE.IM.Gp.luc). In both the pre-B and mature B cell lines we observed that the germline promoter was consistently weaker than the V region promoter. These results are consistent with a previous analysis of kappa transcription from germline and rearranged alleles in plasmacytomas in which it was found that transcription from the rearranged alleles was 3-6-fold higher than the germline allele (3).
It was our hypothesis that the difference in transcriptional activity between the germline and V region promoters was due to the presence of the variant octamer in the germline promoter. The octamer motif is an important regulatory sequence present 5′ of virtually all Ig V genes of the heavy and light chain locus and is also present in the enhancer elements in Ig genes (19, (22) (23) (24) . The octamer motif is highly conserved and has been implicated in the induction of transcription from the heavy and light chain V region promoters by deletion analysis (5, 7, 23) . We and others have also recognized that the mouse and human germline promoters contained a variant octamer motif (9, 18) . In this study we demonstrated that the single base pair transition in the variant octamer resulted in a decreased binding affinity but did not abolish the recognition of this variant octamer motif by Oct-1 and Oct-2 nuclear factors. Our data suggest that the relative affinity of Oct-1 and Oct-2 for the variant octamer motif was 5-fold lower than the consensus octamer and this difference closely correlates with the differences in the promoter activity of the germline promoter and V region promoter in transient transfection assays.
Non-consensus octamer motifs have been identified in other genes that demonstrate decreased binding affinity to the Oct-1 and Oct-2 nuclear factors and also a decrease in transcriptional activity (25) . Atchinson et al. reported the presence of a variant octamer in the V region promoter of Vk19. This variant octamer binds to nuclear factors Oct-1 and Oct-2 weakly compared with the variant octamer present in germline promoters of the kappa light chain. It was observed that to compensate for an ineffectual octamer present in the Vk19 promoter, an upstream K-Y element was important for the normal transcriptional activity (20) . Similarly, Eaton and Calame have demonstrated the role of flanking heptamer and pyrimidine rich sequences in octamer dependent transcription from the V region promoters of the Ig heavy chain (26) . An additional DNA element, called the BAT box with AT rich sequences, has been implicated in transcription of the CD20/B1 promoter which contains a variant octamer motif (27) . We have found no homology to the K-Y element, heptamer or pyrimidine rich sequences in the kappa germline promoters upon computer sequence analysis. In addition, footprint analysis of the human germline promoter as well as previous analysis of the mouse octamer motif (20) reveals an 18 bp region which is protected and this footprint is not affected by additional flanking sequence. Surprisingly, we observed that the deletion of the variant octamer present in the germline promoter had no effect on transcription from this promoter. These results are consistent with the results from Oct-2 knockout mice which have no detectable Oct-2 protein binding activity (28) . These mice have apparently normal numbers of pre-B cells but have a greatly diminished capacity to secrete immunoglobulin at later stages of B cell development. Our finding that the variant octamer site in the germline promoter is not required for germline promoter activation but is required for V region promoter activation is consistent with a role for Oct-2 in later stages of B cell development but not early B cell development.
The presence of the TATA box and a functionally important octamer in the V region promoters is an important distinction between the V region and germline promoters. Although the distance between the germline and the V region promoters from the enhancers is different, the difference in transcriptional activity between the V region and the germline promoter is not position dependent because equal promoter strengths have been observed over considerable distance from the enhancer (29) . If the presence of the variant octamer in the germline promoter is not functionally relevant, the question arises as to what constitutes the germline promoter. Our data thus far indicate that the germline promoter serves as a minimal promoter, completely dependent on activation by the intron enhancer. If accessibility and V-J recombination of the 1-8 (B) , and 38B9 (C) and plasmacytoma cell line S194 (D) were transiently transfected with plasmid constructs with the intron enhancer and either the germline or V region promoter (IM.Gp.luc/IM.Kp.luc). Reporter constructs containing mutations (to either a consensus octamer site or a non-octamer site which lacks octamer binding activity) in the germline and V region promoters were also used for transfection. These vectors include, IM.Gp.(oct).luc which contains a mutation in the variant octamer motif to give a consensus octamer motif and IM.Gp.oct-.luc/IM.Kp.oct-.luc which contain a null mutation of the octamer motif. Transfection efficiency was normalized by co-transfection of the β-galactosidase expression vector, pCH110, and dividing luciferase activity by β-galactosidase activity. Mean of triplicate transfections and standard error of the mean are shown. kappa locus is dependent on germline transcription, then our data suggest that the developmentally regulated accessibility of the kappa locus is solely dependent on the activation of the intron enhancer.
Our functional data from transient transfection experiments indicate that in pre-B cells, transcription from the germline promoter proceeds at a significantly higher rate in the presence of the intron enhancer compared with parallel experiments in which 3′ enhancer was paired with the germline promoter. We consistently observed a negative regulation by the 3′ enhancer when present with the germline promoter. The presence of the 3′ enhancer with the V region promoter did not have any significant effect on transcriptional activity from this promoter in pre-B cells. This raised the possibility that the negative regulation that we observed in the case of the 3′ enhancer was promoter specific. LPS inducibility of the 3′ enhancer has been reported in some earlier studies (30, 31) . However, in these studies the functional role of the enhancers in development was studied by pairing them with heterologous promoters. Our studies are more relevant since we have used either a germline or the V region promoter to address this issue. Consistent with our observation are reports that have implicated the 3′ enhancer in preventing precocious rearrangement of the kappa locus (32, 33) .
